Abstract. The X-ray measurements of kaonic atoms play an important role for understanding the low-energy QCD in the strangeness sector. The SIDDHARTA experiment studied the X-ray transitions of 4 light kaonic atoms (H, D, 3 He, and 4 He) using the DAFNE electron-positron collider at LNF (Italy). Most precise values of the shift and width of the kaonic hydrogen 1s state were determined, which have been now used as fundamental information for the low-energy K − p interaction in theoretical studies. An upper limit of the X-ray yield of kaonic deuterium was derived, important for future K − d experiments. The shifts and widths of the kaonic 3 He and 4 He 2p states were obtained, confirming the end of the "kaonic helium puzzle". In this contribution also the plans for new experiments of kaonic deuterium are being presented.
Introduction
The strong interaction between hadrons at low energies e.g., between the antikaon and the nucleon (KN) cannot be described in terms of quarks and gluons. Instead, effective field theories are used which rely on experimental input. The data in the strangeness sector come from kaon scattering experiments, atomic X-ray measurements and the energies, widths and branching ratios of known resonances. a e-mail: Michael.Cargnelli@oeaw.ac.at This is an Open Access article distributed under the terms of the Creative Commons Attribution License 4.0, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
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The kaonic atom experiments extract the effect of the strong interaction on the low-lying states by measuring X-ray transitions to these levels, seen as a shift and broadening with respect to the QED calculated values. For current theoretical work see [1, 2] and references therein.
The KN interaction at rest is normally described in terms of complex scattering lengths. To extract the isospin (I = 0, 1) dependent KN scattering lengths, a 0 and a 1 , measurements of kaonic deuterium are necessary along with kaonic hydrogen data.
In the case of kaonic 4 He the 2p shift measured in [3, 4] was −43 ± 8 eV on average, whereas theoretical calculations gave a shift below 1 eV ("kaonic helium puzzle"). The first experimental result consistent with theory was [5] . Within SIDDHARTA the zero-compatible shift was confirmed in a measurement with other systematics and also with 3 He.
The SIDDHARTA experiment
Figure 1 (left) illustrates the principle of the SIDDHARTA experiment. Both kaons of a charged kaon pair are detected and define the trigger. Kaonic atoms are formed when negative kaons (K − ) enter the gas in the target cell and loose their remaining kinetic energy through ionization and excitation and, by replacing an electron, are captured in an excited orbit. Via different cascade processes, the kaonic atoms deexcite to lower states. When the K − reach low-n states with small angular momentum, they are absorbed by the nucleus. A small fraction of these kaonic atoms survive long enough for one of the (np-1s) transitions (K-series). The X-rays of these transitions are detected by 144 Silicon Drift Detectors (SDDs) placed around the target. Hits in the X-ray detectors coincident with the trigger contain kaonic X-rays along with background from particles generated by kaon decay and K − absorption. Due to the limited timing resolution some accidental (not kaon-correlated) background also remains. For a more detailed description see [7, 8] . Table 1 gives a compilation of SIDDHARTA results. Note that the 05008-p.2 MENU 2013 transition yields depend on the target density and also on the strong interaction parameters (the shift and width of the lower, and the width of the upper state) and deliver information on the cascade and crosscheck the measured shift and width.
Future kaonic deuterium experiments
A quantitative measurement of kaonic deuterium X-rays requires a substantial improvement of the applied experimental technique. Since the yield is expected to be about 1/10 of the KH yield and the width up to twice the KH width, we need a reduction in background of a factor about 20 and an increase in the detection efficiency of 2-3. For the simulations we use a yield Y(K ) = 0.001 derived from predictions [15] [16] [17] [18] . The reliability of these cascade calculations can be estimated to be better then to a factor of 2, derived from our experiences from kaonic hydrogen [9] . The upgrade to SIDDHARTA-2 is based on four main modifications.
(1) Trigger geometry and target density: By placing the upper kaon-trigger detector close in front of the target entrance window, the probability that a triggered kaon really enters the gas and is stopped there is much improved. Making the detector smaller than the entry area gives away some signal, but suppresses efficiently the kaonic lines from "wallstops" (kaons entering the gas volume, but passing from the inside of the target to the cylindrical walls). The number "signal per trigger" goes up, which also reduces the accidental background coming along with every trigger. We plan as well to double the gas density which enhances the gas stops and further reduces the wall-stops.
(2) K + discrimination to suppress kaon decay background: A "kaon stopper" scintillator is placed directly below the lower kaon trigger scintillator. When a K − is stopped there, only one (large) signal from pileup of stopping and kaon-absorption-secondaries is seen, whereas when a K + is stopped, the kaon-decay particles are seen separately after the signal from the stopping (mean K + lifetime 12.8 ns). In addition, we will use scintillators surrounding the target to measure K − absorption secondaries (pions). The time window for gas stops is about 4 ns wide. By this condition we also suppress stops in the entry window.
(3) Active shielding: The scintillators surrounding the target will also be used in prompt anticoincidence if the spatial correlation of SDD and scintillator hits indicates that it originated from a pion ("charged particle veto"). An anticoincidence covering the SDD time window (with the exception of the 4 ns of the gas stopping time) will reduce the accidental background. Although the scintillators have only low efficiency for gammas, the abundance of secondaries from the electromagnetic showers allows a relevant reduction of accidental ("beam") background.
(4) Operating SDDs at a lower temperature: tests indicate that an improvement of the timing resolution by a factor of 1.5 is feasible by more cooling.
The signal enhancement by a factor 2 to 3 is due to moving the target cell closer to the IP, by changing its shape, by a better solid angle of the SDDs and by the higher gas density. In such conditions, with an integrated luminosity of 800 pb −1 a precision of about 70 eV for the shift, and 160 eV for the width are attainable, resulting in a relative precision similar to that obtained for kaonic hydrogen.
Since the timeline at DAFNE is not set clearly, alternatively we studied the feasibility of a kaonic deuterium measurement at the 1.8BR beam line of J-PARC in Japan. See Table 2 .
Summary and conclusions
The SIDDHARTA experiment has resulted in unprecedented measurements of light kaonic atoms. The strong-interaction induced shift and width of the ground state of kaonic hydrogen and of the 2p state of kaonic helium was measured along with the transition yields. Furthermore, we worked out a scheme for 05008-p. 3 an improved experimental technique "SIDDHARTA-2" which promises to deliver a sound quantitative measurement of the shift and width in kaonic deuterium, long awaited for the description of the strong interaction at lowest energies in hadronic systems with strangeness.
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